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* The global space
economy is going through
a huge period of growth
currently
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« Competition in an era of
shrinking budgets

« USG space agencies are
looking to save on cost

(or schedule)
- NASARSDO
- EO 14271

OPERATING & FUTURE

SCIENCE FLEET

Image credit: NASA GSFC

Huge variation in the types of missions
NASA pursues

Important to understand the nuances of
the programmatic and technical benefits
and risks prior to mission concept
formulation

August 25, 2026 3



Prior Work — Kim and Hyde (2025)

« Kim and Hyde's paper compares  soms or seacecrarr ano Rocxers
costs of NASA- and industry-built

spacecraft In and Out: Comparative Analysis of NASA and Industry

Spacecraft Costs
 Three Summarized Findings:
Moon J. Kim*@
1 . I N d ustry_ b u | |‘t S pacecraf‘t are National Aeronautics and Space Administration Headquarters, Washington, D.C. 20546

and

associated with lower costs, Tupper Hyde!

. . National Aeronautics and Space Administration Goddard Space Flight Center,
especially for lower-risk Greenbel, MD 20771
Spacecraft development is costly and complex, requiring diverse management and acquisition strategies. As the

e . . https://doi.org/10.2514/1. A36406
classification C and D projects
. . private sector’s role grows, cost models must account for varying private sector participation. Science missions
2 . FO r h |g h e r—rl S k Cl aSS A a nd B without commercial value rely on traditional procurement, where a public agency manages the overall project.

Within this approach, agencies must decide whether to develop spacecraft in-house or contract with industry.

prOjeCtS, Spacecraft developer has This study examines whether spacecraft developer type—NASA or industry—affects spacecraft cost under

traditional procurement. A regression model reveals that industry-built spacecraft are associated with lower
cost, especially for lower-risk classification C and D projects. However, for higher-risk class A and B projects,

n O S I g n Ifl Ca nt eﬁe Ct developer type has no significant effect. Additionally, spacecraft developer type does not significantly affect total

project cost, regardless of the risk classification. Since spacecraft cost accounts for 40 % of the total project cost on

3. Aaditionally, spacecraft developer epacecrall mass remas the pricnary costdrive, with ioion risk elasificaon and decprspace operaton alo
does not signiticantly affect total aond conteinte b6 & moee maamsed umdeestonding of b 1o biter leverage iductey's ot advamtugesin pabll
project cost, regardless of the risk prograns.
classification
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Prior Work — Kim and Hyde (2025)

Unclear methodology & data normalization: Used “NASA”/“in-house” and
“industry”/“out-of-house” interchangeably:
« Unclear what is included in total project costs
* “The study excluded 10 projects involving Defined in-house as NASA-built
multiple spacecraft builds because the Defined out-of-house as outsourced to
available data did not allow for the separation private contractor
of the initial unit development costs from the No designation for when the NASA/JPL/APL

subsequent unit production costs.” implementing organization # NASA/JPL/APL
* “This test resulted in no statistically spacecraft manufacturer

significant difference, suggesting the need for

a more robust statistical test.” Unclear descriptive statistics results (with

findings reported in absolute dollars):

No food for thought regarding implications <+ “The sample mean cost for industry-built

to space policy and the state of the industry projects is $411 million, with a standard
deviation of $1,049 million (~$1 billion).”
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Motivation
« Traditional Assumption: Industry/commercial spacecraft are lower cost

* Policy Spotlight: Ongoing debate highlighted by the 2025 Executive Order
14271

* Prior Work: Lots of interest and debate over Kim and Hyde's findings

 The Missing Piece of the Puzzle:
- Do cost growth patterns tell the same or different story as cost advantages in terms of
absolute dollars?

This presentation provides a data-driven examination of

cost growth for NASA- and industry-built spacecraft
both at the spacecraft- and mission-level.
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Methodology
€ Data

» Cost data collected via PDR
and Launch CADRes (Part C)

« Programmatic data collected
via CADRes (Parts A, B)

* 41 unmanned missions:

- Launch dates from 2003 to
2025

- Total development costs up
to $1B

FrEimrliI"u'

» e »

Review [SRR] Review {P‘Dﬂ]

Calculations

Cost growth is evaluated at two
levels:
- Mission level (WBS 1-7, 9-10)

- Spacecraft (SC) plus I&T level
(WBS 6, 10)

Cost growth was calculated from
PDR to Launch as:

(Cost @ Launch — Cost @ PDR)

x 100%

cost growth =

 Review |COR}

Critical
i Integmnn |.EII.II'I:|‘I {LRD}
Review [SIR) )

Q, Classification

» Classified according to spacecraft

developer:
- NASA-built (N = 13)
- Industry-built (N = 28)

Classified according to NASA
mission risk classifications

- Classes: A, B,C,D

Costs were normalized:
- Phases A-D
- Exclude LV costs

- Includes project &
management reserves

- First unit normalization for
multiple spacecraft builds

w In and Out of Context

Cost @ PDR
@ i roantaeray ?
OHNS HOPKINS
q‘!ﬂm Jl‘[ 1ED PHYSICS LABORATORY
LOCKHEED MAW BLUE CANYON
TECHNOLOGIES
GRUMMAN

Class A | ClassB | ClassC | Class D
Agency High High Medium | Low
Priority
National Very High Medium | Low to
significance high medium
Mission Long Medium | Short Short
Lifetime >S5yrs | 2-5yrs [ <2yrs | <2ywrs
Cost High Highto | Medium | Low

medium | to low

Alternative None Few Some Many
Opportunities
for Science
Collection/
Reflight
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Statistical Analysis

Frequentist Approach Bayesian Approach
ke A p(©) pldatald) p(6ldata)
t-statistic
| A : U\ B Jl
L )

t Y
[Posterior o« Likelihood x Prior]

p-value = Probability of observing a result
as extreme or more extreme than ours,

assuming Ho s true. « Complement classical t-tests with a simple
Bayesian Gaussian regression

« Classical Welch’s t-tests test whether the
observed difference of means between two  Allows us to quantify the probability and
groups is statistically significant or due to chance  magnitude of differences in cost growth between
developer types and to represent the substantial

* Reports a p-value: . . _
uncertainty present in small, noisy samples

- Smaller values = stronger evidence the difference of
means matters and is statistically significant . Analysis completed in RStudio using R

« Analysis completed in Excel (programming language)
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Correlation and Causation

« Correlation: a statistical measures that describes the relationship between two
variables (quantified by a correlation coefficient, R, that ranges from -1 to 1)

« Causation: a relationship where a change in one variable directly produces or
causes a change in another variable

. Why?

« Confounding variables

* Reverse causation / \\ x ok %
- Coincidence % N S

= spurious correlations

Positive Negative No
Correlation Correlation Correlation
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Spurious Correlations

Popularity of the first name Kelsey
correlates with

NASA's budget appropriation
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w In and Out of Context

The distance between Neptune and the Sun
correlates with

NASA's budget as a percentage
of the total US Federal Budget
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Cost Growth Analysis — Spacecraft Level
T-Test

Spacecraft Level Cost Growth for Al Spacecraft Level Cost Growth for Class Spacecraft Level Cost Growth for
Mission Classes A/B Missions Class C/D Missions
% 35% 31% 35%
- o 0
S 30% 28% 29% 30% 30% 26%
§ 25% 25% 25%
3 20% 20% 18% 20%
S 15% 15% 15%
2 10% 10% 10%
5% 5% 5%
0% 0% 0%
NASA-built SC Industry-built SC NASA-Built SC (Class A/B)  Industry-Built SC (Class A/B) NASA-Built SC (Class C/D) Industry-Built SC (Class C/D)
_ Class Agnostic Class A/B Class C/D
P-Value 0.49 0.07 0.30
Significant? No X No X No X

The evidence for an industry—NASA difference is stronger for Class A/B missions than for Class C/D

missions. In both cases, the data falls short of conventional thresholds for statistical significance.
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Cost Growth

Cost Growth Analysis — Spacecraft Level
Box Plots

Box Plot of Spacecraft Level Cost Growth Box Plot of Spacecraft Level Cost Growth for A Box Plot of Spacecraft Level Cost Growth for
for All Mission Classes & B Missions C & D Missions
140% 140% 140% .
120% * _ 120% 120%
100% ° > Outlier 100% ° 100%
80% Median 80% 80% .
60% Mean  ° . 60% T 60%
40% \—I_f—b Highest value 0% 20% _I_
| — Upper quartile X 20% 2
20% > Lower quartile °*” _ - ° L
0% L — Lowest value 0% 0%
-20% -20% -20%
-40% . -40% -40% °
-60% -60% -60%
B NASA-built SC [ Industry-built SC B NASA-Built SC (Class A/B) [ Industry-Built (Class A/B) B NASA-Bilt SC (Class C/D) M Industry-Built (Class C/D)
All Missions: NASA- and Class A/B: Industry spacecraft exhibit Class C/D: NASA spacecraft have a
industry-built spacecraft have similar higher cost growth and a slightly wider slightly larger spread, but the
averages and similar spreads. distribution than NASA spacecraft. means/medians are closer together.
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Spacecraft Level Summary

Mission Risk Prior Finding Current Finding (Sholder, Interpretation of
Classification (Kim, Hyde) Kha) Current Finding

Class Agnostic Industry-built spacecraft  Industry built spacecraft are not Decisions on spacecraft developer
(A, B, C, D) are associated with associated with lower cost growth  type should be based on other factors
lower costs. (NASA and industry have nearly (e.g., schedule, risk, capabilities)
identical mean cost growth). rather than anticipated cost-growth or
initial bid prices.
Class A/B Spacecraft developer There is an observable difference Allow NASA centers to focus their
has no significant effect.  in cost growth (with NASA-built expertise and resources on building
spacecraft exhibiting less cost spacecraft for the bespoke Class A/B
growth on average), but it isn’t missions.

significant. However, the
difference is more pronounced for
Class A/B than Class C/D.

Class C/D Industry-built spacecraft  There is an observable difference Benefit to leveraging commercially
are associated with in cost growth (with industry-built  procured spacecraft from industry for
lower costs. spacecraft exhibiting less cost Class C/D may come in the form of

growth on average), but it isn’t less technical risk (higher TRL) and
statistically significant. shortened development schedules.
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Spacecraft Level Key Takeaway
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Cost Growth Analysis — Mission Level
T Test

Mission Level Cost Growth for All Mission Level Cost Growth for Class Mission Level Cost Growth for Class
Mission Classes A/B Missions C/D Missions
0, 0, 0, (0]
o 18% 16% 18% 16% 18% 16%
s 16% 16% 16%
O 14% 14% 14% o
O 12% 12% 12% 1%
B 10% 8% 10% 10%
O 8% 8% 8%
G.) 0, 0, 0,
3, 6% 6% . 6%
g 4% 4% 2% 4%
S 2% 2% 2%
L 0% 0% - 0%
Missions W|th NASA-built  Missions with Industry- Missions with NASA-Built SC Missions with Industry-Built Missions with NASA-Built SC Missions with Industry-Built
built SC (Class A/B) SC (Class A/B) (Class C/D) SC (Class C/D)
_ Class Agnostic Class A/B Class C/D
P-Value 0.05 0.03 0.23
Significant? Yes Yes v No X

At the mission level, missions with industry-built spacecraft show higher average cost growth

than missions with NASA-built spacecraft overall and for Class A/B, but not for Class C/D.
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Cost Growth

Cost Growth Analysis — Mission Level
Box Plots

Box Plot of Mission Level Cost Growth for Box Plot of Mission Level Cost Growth for Box Plot of Mission Level Cost Growth for
All Mission Classes ClassesC & D Classes A &B

70% 70% 70%

60% 60% —_ 60% —

50% 50% 50%

40% 40% 40%

30% 30% 30%

20% o 20% - 20% »

10% 10% 10%

-10% L -10% -10% .

-20% -20% — -20%

-30% -30% -30%
B Missions with NASA-built SC B Missions with NASA-Built SC (Class C/D) M Missions with NASA-Built SC (Class A/B)
[ Missions with Industry-built SC [ Missions with Industry-Built (Class C/D) [ Missions with Industry-Built (Class A/B)

Across all mission classes, missions with industry-built spacecraft
exhibit higher and more variable cost growth. The box plots for

missions with industry-built spacecraft consistently exhibit wider
spreads than missions with NASA-built spacecratft.
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Mission Level Summary

Mission Risk

Classification

Class Agnostic

(A, B, C, D)

Class A/B

Class C/D

w In and Out of Context

Prior Finding Current Finding Interpretation of
(Kim, Hyde) (Sholder, Kha) Current Finding

Spacecraft developer
type does not
significantly affect total
project cost.

Spacecraft developer
type does not
significantly affect total
project cost.

Spacecraft developer
type does not
significantly affect total
project cost.

Missions with NASA-built
spacecraft experience
statistically significantly
less cost growth than
missions with industry-built
spacecraft.

Missions with NASA-built
spacecraft experience
statistically significantly
less cost growth than
missions with industry-built
spacecraft.

Missions with NASA-built
spacecraft experience less
cost growth than missions
with industry-built spacecraft,
but the difference is not
significant.

Hardware procurements (payload and
spacecraft) make up the largest percentage of
a program’s development budget. How
efficiently a spacecraft developer can respond
to changing requirements posed by the
instruments will influence overall mission cost.

The depth of experience NASA centers have
in their areas of expertise allow for more
efficient response to changing requirements,
mission redesigns, etc.

Class C/D missions that prioritize cost and
schedule and can accept higher technical risk
may benefit from exploring more industry-built
spacecraft options, especially as the industry
shifts towards offering more commercial
spacecraft options.
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Mission Level Key Takeaway

Image credit: JWST
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Summarized Findings &
Conclusions



= statistically significant diff. of means

S pacec raft VS M iss i on Leve I Res u Its §: not statistically significant diff. of means

Spacecraft Level Cost Growth for All X
Mission Classes

40%

28% 29%

30%
20%
10%

0%

Average Cost Growth

NASA-built SC Industry-built SC

Spacecraft Level Cost Growth for Class X
A/B Missions

40%
31%
30%

20% 18%
10%

NASA-Built SC (Class A/B)

Industry-Built SC (Class A/B)

40%

30%

20%

10%

0%

Spacecraft Level Cost Growth for Class X
C/D Missions

35%

26%

NASA-Built SC (Class C/D) Industry-Built SC (Class C/D)

Mission Level Cost Growth for All «
Mission Classes
20% 16%
15%

8%

Missions with NASA-built Missions with Industry-
SC built SC

Average Cost

Growth

S g 2

X RN X

Mission Level Cost Growth for Class
A/B Missions
20% 16%
15%
10%
5% 2%
0% [ ]
Missions with NASA-Built SC  Missions with Industry-Built
(Class A/B) SC (Class A/B)

20%
15%
10%
5%
0%

Mission Level Cost Growth for Class
C/D Missions

X

16%
11%

Missions with NASA-Built SC  Missions with Industry-Built
(Class C/D) SC (Class C/D)

All Missions: Difference between
developer type is not significant at the
spacecraft level, but is significant at
the mission level: missions with
industry-built spacecraft have higher
cost growth.

w In and Out of Context

Class A/B Missions: Difference
between developer type is not
significant at the spacecraft level, but
is significant at the mission level, with

missions with industry-built spacecraft

showing higher cost growth.

Class C/D: Difference between

developer type is not significant at
either the spacecraft or mission level,
and the observable direction of the

difference flips between the
spacecraft and mission level.
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Summarized Comparison

Removed missions with duplicate spacecraft

Unclear what costs are included in total project costs

Used “NASA"/“in-house” and “industry”/“out-of-house”
interchangeably

Unclear descriptive statistics results
Reported findings in terms of absolute dollars

- Methodology & Findings

Included missions with duplicate spacecraft,
normalized using cost to copy factors (whitley & Hahn, 2013)

Clear normalization (A-D costs, excluded LV, etc.)
Clear definition of “NASA-built” and “Industry-built”

Clear descriptive statistics results
Reported findings in terms of cost growth

Prior Findings (Kim, Hyde) Current Findings (Sholder, Kha)

Industry-built spacecraft are associated with lower
costs, especially for Class C and D missions

For higher-risk class A and B projects, spacecraft
developer has no significant effect

Spacecraft developer does not significantly affect
total project cost, regardless of the risk classification

(7

Industry-built spacecraft are not associated with lower
cost growth, including for Class C and D missions

For higher-risk class A and B projects, spacecraft
developer is not statistically significant at the 5%
level, but is significant at the 10% level

Spacecraft developer is statistically significant at the
mission level, including for Class A and B missions



Conclusions

Spacecraft Level Key Takeaway: Although industry-built spacecraft may have lower absolute
costs than NASA-built spacecraft, their cost growth is comparable.

Mission Level Key Takeaway: While developer type has no effect on absolute mission costs,
missions with NASA-built spacecraft exhibit lower cost growth than missions with industry-built
spacecraft.

» The prior work reported cost advantages in terms of absolute dollars, but this analysis of cost
growth patterns tells a different story

« Taken together, these results suggest that industry’s absolute dollar cost advantages do not
consistently translate into cost-growth advantages over the development lifecycle

- This underscores the importance of evaluating both absolute cost and cost growth when comparing NASA and
industry development approaches

* More broadly, these results suggest that NASA—industry spacecraft cost differences can appear
differently when viewed “in and out of context”

- Multiple complementary studies are needed to fully characterize these relationships
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Path Forward

« With another year of proposed budget cuts to NASA (e.g., the 2026 House budget
bill includes a 17% cut to science), it is important that funds are used as efficiently

as possible

- Having clear data to see where the cost growth risks are when formulating missions is the first
step in ensuring effective cost control

* Next steps include getting cost performance data on missions utilizing spacecraft
procured via the NASA RSDO Catalog to see how they perform

- These missions mostly fall in the Class C/D category

« Continuing to update the dataset as new missions launch, to include more new
iIndustry partners to the analysis

» Closely monitor spacecraft procurement trends as the industry continues to
rapidly evolve
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Abstrace— Kim and Hyde's “In and Out: Comparative Analyszis
of NASA and Industry Spacecraft Cozts™ compares NASA- and
induztry-built spacecraft and find: that indostry-built
spacecraft are generally azzociated with lower spacecrafi costs,
particularly for lower-rizk Clazs C/D) mizzions, while developer
type haz no significant effect on higher-rizk Clazs A'B mizzions
or total project cost.

This study extends that work by examining cost zrowth from
Preliminary Dezign Review (PDR) to launch using

for NASA Science Mizzsion Directorate (SMIY) mi=
compute cost growth factors at the spacecraft and

iNd cost performance remains complex.

2. BACKGROUND

Recent work exammed dew elopment costs for NASA and
industry-blt spacecraft uzing data from NASA robotic
miszions. Their analyiis concluded that mmdustry-built
spacecraft are associsted with lower development costs,
particularly among lower-risk Clzss C and D missions.
Furthermore, they reported that spacecraft developer type had
little impact on costs for higher-risk Class A and B missions
and did not significantly affect total project cost across
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Policy Spotlight

* |n an effort to “do more with less”,
Trump signed Executive Order 14271 in
April 2025

« EO 14271 legally mandates a
“‘commercial-first” approach to
procurement

- Mandated to use commercial-off-the-shelf
(COTS) and modified commercial products
to the maximum extent possible

- Deviation requires justification and formal
approval process

» But does the data show that NASA
space science missions are reaping the
benefits of this policy?

w In and Out of Context

ENSURING COMMERCIAL, COST-EFFECTIVE
SOLUTIONS IN FEDERAL CONTRACTS

Does this EO follow what the data says?
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NASA-built versus Industry-built
NASA: The spacecraft is designed, integrated, and built by a NASA center,

FFRDC, and/or UARC.
=

roratorl JOHNS HOPKINS
et Propulsion Laboratory

California Institute of Technology APPLIED PHYSICS LABORATORY

4

Commercial: The spacecratft is built by a commercial company.

BAE SYSTEMS

A TECHNOLOGIES

BLUE CANYON

LOCKHEED MABTIW NORTHROP
GRUMMAN
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Cost Growth Analysis — Spacecraft Level (Class A/B)

Bayesian Analysis

 Point estimates favor higher industry
cost growth, but with wide credible
intervals

- Posterior mean difference (Industry -
NASA) = +0.13 (= 13 percentage points)

- 95% credible interval: [-0.13, +0.38] —
includes O

- Posterior probability that Industry > NASA
= 85%

* Interpretation: Bayesian posterior
indicates ~85% probability that
Industry-built spacecraft exhibit higher
cost growth

w In and Out of Context

Parameter Estimate 95% CI

Intercept 0.18 [-0.04, 0.40]

developer 0.13 [-0.13, 0.38]
Industry = NASA I . I

0.2 -0.1 0.0 0.1 0.2 0.3
Industry — NASA cost growth (fraction)

04 0.5
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Cost Growth Analysis — Mission Level (Class A/B)

Non-Parametric Bootstrap

* A non-parametric bootstrap of the difference
in mean Class A/B mission-level cost growth
(industry — NASA) yielded an average
difference of 13.3 percentage points, with a
95% bootstrap interval of 1.8 to 25.4
percentage points

* This supports the conclusion that missions
with industry-built spacecraft tend to
experience higher mission-level cost growth
than those with NASA-built spacecraft, while
still indicating considerable uncertainty in
the magnitude of the difference

w In and Out of Context

Bootstrap distribution of difference in mean mission-level cost growth
Class A/B missions, Industry — NASA

01 00 01 02 03
Difference in mean growth (fraction)
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Cost Growth Analysis — Mission Level (Class A/B)

Non-Parametric Bootstrap (Continued)

 Using non-parametric Bootstrap 95% Cls for mean mission-level cost growth
bootstrapping, the 95% Class A/B missions

intervals for the mean Class —
A/B mission-level cost growth
are about 5-27% for missions
with industry-built spacecraft
and —2—7% for missions with
NASA-built spacecraft

 This supports higher typical
cost growth for industry

n
2
S~

Mean cost growth (PDR—Launch)
o
2

missions, while highlighting o T 1
considerable uncertainty, —L
particularly on the industry NASA-built SC Industry-built SC

side

%@ 1 and Outof Context August 25, 2026

35



