Signal Intensity in The Marginal Value of an Additional Sensor Information-Gain Diminishing Returns: An Ordinary Least Squares Test of Recency, Citation Attention, and Venue
1. Introduction
This empirical paper supports Stefan Berger (1B-SDA-221) and the dissertation project The Marginal Value of an Additional Sensor: Information-Gain Diminishing Returns. The model tests whether topic-signal intensity varies with publication recency, citation attention, and venue family. The analysis uses the local candidate source pack and reports only deterministic workbook results , , .
2. Theory and Hypotheses
The theoretical claim is intentionally narrow. If the candidate topic has become more visible in the retrieved literature, then source metadata should show structure across time, attention, or venue. If it has not, the model should return weak or unstable associations , .
H0: the modeled outcome is unrelated to the specified predictors.
H1: the modeled outcome is systematically related to the specified predictors.
3. Data
The estimation file contains 30 retrieved source records. Variables are constructed from local metadata, including publication year, reported citation count, venue family, and deterministic topic-signal fields. Every row preserves a source column so the empirical workbook remains auditable.
4. Method
The estimator is ordinary least squares with robust HC1 standard errors. The exact fit summary is: N=30, R2=0.09065234926359655, R2_adj=-0.014272379667527035, F=0.8639400576721759, F_p=0.4722236436512923. The exact term summary is: const coef=3.621184401547415 p=0.011508448018924696; recency_index coef=0.08949365494778494 p=0.4398324544979858; cites_num coef=-0.027988626980297145 p=0.7568369190283221; venue_score coef=-0.8470436006239968 p=0.1283043931702309. These values are interpreted as corpus-screen evidence, not as final causal estimates.
5. Findings
The findings are bounded by the estimator output. Where a coefficient is signed and precise, it indicates structure in the retrieved source corpus. Where a coefficient is imprecise, the paper treats the result as evidence against a strong claim. This distinction matters because a noisy source pack should not be forced to carry more policy weight than it can bear , .
6. Discussion
The paper contributes to the dissertation by keeping the evidentiary chain inspectable. It shows which parts of the candidate topic are visible in metadata and which parts need a more direct document-coding design. The result is a disciplined bridge from source retrieval to dissertation-level interpretation , .
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Specification

Results
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	3.6212
	1.4331
	2.5269
	0.0115
	[0.8124, 6.43]

	recency_index
	0.0895
	0.1159
	0.7725
	0.4398
	[-0.1376, 0.3166]

	cites_num
	-0.028
	0.0904
	-0.3096
	0.7568
	[-0.2052, 0.1492]

	venue_score
	-0.847
	0.557
	-1.5208
	0.1283
	[-1.9387, 0.2446]


Fit: N = 30 R2 = 0.0907 R2_adj = -0.0143 F = 0.8639 F_p = 0.4722
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Figure 1. Topic-signal score by publication recency, conditioning on citation attention and venue family.
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)
	doc_id
	year_num
	recency_index
	cites_num
	venue_score
	title_words
	snippet_words
	keyword_count
	theme_hits
	signal_score
	source

	1
	2016
	4
	0
	1
	8
	13
	7
	0
	2
	https://amostech.space/year/2016/harnessing-adaptive-optics-for-space-debris-collision-mitigation/

	2
	2023
	11
	0
	1
	9
	13
	11
	2
	7
	10.64861/PEUU1014

	3
	2025
	13
	0
	1
	11
	13
	8
	0
	1
	10.64861/GPAR3562

	4
	2014
	2
	0
	1
	14
	14
	2
	2
	5
	https://amostech.space/year/2014/evolution-and-implementation-of-the-nasa-robotic-conjunction-assessment-risk-analysis-concept-of-operations/

	5
	2013
	1
	0
	1
	8
	15
	3
	0
	1
	https://amostech.space/year/2013/sizing-of-a-raven-class-telescope-using-performance-sensitivities/

	6
	2024
	12
	0
	1
	9
	12
	5
	4
	10
	10.64861/RBTM5104

	7
	2025
	13
	0
	1
	11
	13
	4
	0
	2
	10.64861/UHIX1013

	8
	2021
	9
	0
	1
	9
	14
	6
	1
	2
	https://amostech.space/year/2021/photometric-and-spectral-calibration-of-the-falcon-telescope-network/

	9
	2023
	11
	0
	1
	11
	12
	18
	1
	4
	10.64861/KFLV2709

	10
	2020
	8
	0
	1
	7
	14
	5
	1
	5
	https://amostech.space/year/2020/a-constellation-of-sensors-optimized-for-maneuver-tracking/

	11
	2025
	13
	0
	1
	12
	12
	7
	0
	1
	10.64861/YOWY2953

	12
	2021
	9
	0
	1
	12
	13
	4
	0
	2
	https://amostech.space/year/2021/an-investigation-into-potential-collision-maneuver-guidelines-for-future-space-traffic-management/

	13
	2025
	13
	4
	2
	14
	7
	10
	1
	2
	10.1016/j.actaastro.2025.03.043

	14
	2026
	14
	0
	2
	13
	14
	13
	0
	2
	10.1016/j.actaastro.2025.12.055

	15
	2025
	13
	0
	2
	7
	14
	10
	3
	7
	10.1016/j.actaastro.2025.11.006

	16
	2026
	14
	0
	2
	5
	14
	0
	0
	1
	10.1016/j.actaastro.2026.05.030

	17
	2026
	14
	1
	2
	8
	14
	9
	2
	4
	10.1016/j.actaastro.2025.12.053

	18
	2026
	14
	0
	2
	15
	14
	14
	0
	1
	10.1016/j.actaastro.2026.05.056

	19
	2025
	13
	0
	2
	16
	13
	15
	2
	4
	10.1016/j.actaastro.2025.11.043

	20
	2024
	12
	6
	2
	11
	14
	14
	1
	2
	10.1016/j.actaastro.2024.04.025

	21
	2024
	12
	4
	2
	9
	14
	8
	1
	3
	10.1016/j.actaastro.2024.11.026

	22
	2025
	13
	1
	2
	18
	14
	8
	3
	7
	10.1016/j.actaastro.2025.07.014

	23
	2023
	11
	10
	2
	12
	8
	15
	1
	3
	10.1016/j.actaastro.2023.07.014

	24
	2026
	14
	0
	2
	12
	14
	15
	1
	2
	10.1016/j.actaastro.2026.05.010

	25
	2020
	8
	0
	3
	51
	0
	0
	1
	5
	A 2021 Johns Hopkins SAIS doctoral thesis by Nathaniel Dailey proposing an International Space Reference Architecture (ISRA) as a socio-technological transformative mechanism to resolve contemporary space governance failures – orbital debris, policy fragmentation, and space traffic management – by coupling enterprise architecture methodology with international relations constructivist theory, blockchain-enabled information sharing, and norms entrepreneurship.

	26
	2020
	8
	0
	3
	9
	0
	0
	0
	1
	Architectural Socio-Technological Transformative Change of Space-Use Norms

	27
	2020
	8
	0
	3
	9
	0
	0
	0
	1
	International Relations and Economic Dimensions of Trusted Space Data

	28
	2020
	8
	0
	3
	10
	0
	0
	0
	1
	The Role of Space in Driving Sustainability, Security, and Development

	29
	2020
	8
	0
	3
	5
	0
	0
	0
	1
	SFA Space DIME Campaign Plan v3.0

	30
	2020
	8
	0
	3
	5
	0
	0
	0
	1
	OCEA Forecasting the Space Economy


Variable construction
	Variable
	Definition
	Construction / source

	signal_score
	Composite topic-signal score for each retrieved source record
	Deterministic count built from candidate-theme term hits in the source title, snippet, keyword field, and author metadata; each row cites the retrieved source in the source column

	recency_index
	Publication recency index
	Computed as publication year minus the minimum publication year in the paper sample plus one

	cites_num
	Reported citation count in the local brain index
	Parsed from the local brain search cites field; zero when the index reported no citation count

	venue_score
	Ordinal venue-family score
	AMOS = 1, Acta Astronautica = 2, Space Economy = 3


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

	const
	3.6212
	1.4331
	2.5269
	0.0115
	[0.8124, 6.43]

	recency_index
	0.0895
	0.1159
	0.7725
	0.4398
	[-0.1376, 0.3166]

	cites_num
	-0.028
	0.0904
	-0.3096
	0.7568
	[-0.2052, 0.1492]

	venue_score
	-0.847
	0.557
	-1.5208
	0.1283
	[-1.9387, 0.2446]


Fit: N = 30 R2 = 0.0907 R2_adj = -0.0143 F = 0.8639 F_p = 0.4722
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




rId81.png
Topic-signal score

Signal Intensity in The Marginal Value of an Additional Sens

10 A °
8
.
6
° °
4 ° °
. °
21 ° ° ° °
. ° °
é éll é é 1‘0 1‘2 1‘4

Recency index





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




